Schizophrenic groups rated low (reactive), intermediate, and high (process) on the Elgin Prognostic Scale and a group of normal Ss discriminated between matched and unmatched pairs of nonsense syllables under varying rates of input. Continuous PGR measures were recorded as the Ss responded to the syllable pairs. Stimulus overload (defined as the extent to which the Ss were unable to respond appropriately) was assessed and shown to be consistent across groups. The groups were differentiated as to PGR responsivity. Among the schizophrenic Ss, the reactive group was the most responsive and the process Ss were least responsive to increases in rate of input.
A number of investigators have suggested that autonomic activity level is less for process than for reactive schizophrenic patients (identified by the Elgin Prognostic Scale; Becker, 1959; King, 1958; Pearl, 1962) . Such studies have not taken into account the systematic manipulation of stimulus input at the time autonomic measures are taken. The developing theories relating autonomic responsivity, stimulus input, and personality development (Berlyne, 1960; Hunt, 1963; Pearl, 1962) encourage this latter refinement in such a line of investigation.
The theoretical formulations of Hunt (1963) and Pearl (1962) are particularly relevant to the relationships among schizophrenic pathology, stimulus input, and autonomic responsivity. The formulations of these authors suggest that process (Pr) schizophrenics should show less autonomic responsivity to stimulation than reactive (Re) schizophrenics because of improper toning of the reticular activating system during the developmental years. This deficiency in development is considered to be related to a prolonged state of stimulus deprivation. The notions of Hunt and Pearl also suggest that Pr schizophrenics would have a greater tendency to use perceptual defenses to shut out excessive input, that is, to reduce overload (OL). Within such a theoretical framework, observed differences in autonomic responsivity among Pr and Re schizophrenics might be explained as related to a response problem and/or to an input problem in Pr schizophrenics. Gromoll (1961) used EEC indices in response to sudden, intense auditory and visual stimuli, and found no significant arousal response differences between Pr and Re schizophrenics. Perhaps because of the sudden, intense nature of the stimuli, Gromoll's results may reflect an inability on the part of his Pr subjects (5s) to institute perceptual defenses when overloaded. His study might suggest that there is no autonomic responsivity difference between Pr and Re schizophrenics if input is equal and not reduced by perceptual defense.
If Pr and Re 5s were presented with material at variables rates, and the Pr 5s showed lower autonomic responsivity, would such a response difference be the result of an autonomic response deficiency per se among the Pr 5s or would it be the result of an input deficiency related to perceptual defenses against OL? The present study examined this problem by manipulating rate of input and by observing autonomic responsivity among Pr and Re schizophrenics under conditions which demonstrated that input was consistent across groups.
PGR was chosen as the autonomic index as it had previously differentiated between psychiatric diagnostic groups, and between neurotics under different conditions of stimulus input (Ward & Carlson, 1964) . It was hypothesized that the Pr 5s would demon-10 strate lower PGR responsivity to variable input rates than would the Re 5s.
METHOD Subjects
Thirty-six male, hospitalized, schizophrenic veterans without neurological involvement were selected on the basis of Elgin Prognostic Scale scores, length of present hospitalization (LPH), age, and ward placement. Twelve normals were also included in the sample. The Elgin Prognostic Scale was originally developed by Wittman (1941) ; a revision by Becker (1959) was used in the present study. Clinical records and patient interviews were the sources of information on which the Elgin Scale ratings were based. Elgin interrater reliability, based upon 20 randomly selected cases, was shown to be .93. Two raters interviewed the 20 5s jointly but examined patient histories and did their ratings independently. The interview material was not discussed by the raters until after the ratings were done.
The LPH was the number of months since a patient's last admission to any neuropsychiatric hospital. No effort was made to take into account the length of time the patients had been on trial visits and leaves of absence. Open ward patients ranging in age from 28 to 48 who had been hospitalized for at least a month were selected. The Elgin Scale distribution was arbitrarily divided into three groups: scores of 0 through 20 comprised the reactive group (Re), 21 through 30 the intermediate reactive-process group (RP), and the process Ss (Pr) were those from 31 through SO. The Re group included 5 paranoid, 5 undifferentiated, 1 catatonic, and 1 schizo-affective S. The RP Ss consisted of 6 paranoid, 5 undifferentiated, and 1 catatonic schizophrenic 5. The Pr group contained 4 paranoid, 5 undifferentiated, 1 catatonic, 1 hebephrenic, and 1 simple schizophrenic S. Table 1 contains the means and standard deviations for the age and LPH variables. Group differences in these variables were assessed with simple analyses of variance. Although the Re 5s showed a trend toward shorter periods of hospitalization, as compared with the other two groups, neither age nor LPH group differences approached significance.
Selection criteria of a minimum of 1 month LPH and open ward placement were used on the assumptions that the groups would be similar in level of present functional adequacy and that medication effects would be comparable. The control for medication effects is difficult under the best circumstances. Little is known of the individual differences in reaction to drugs, "untranquilized" psychiatric patients are rather rare, and withdrawal of patient medication for research purposes might introduce an even greater source of error than ignoring the variable would introduce (Chapman, 1963) . It was hoped that a patient on an open ward after a full month of treatment would have had his medication adjusted to his optimum maintenance dosage. Only one patient (Pr) was not on medication. The number of patients in each group who were on one drug were: Re, two; RP, seven and Pr, eight. The number on two drugs were: Re, nine; RP, four; and Pr, three. One Re 5 was on three drugs and one RP S was on four. Although the quantification of drug dosages has little meaning, Table 2 is presented for the reader's scrutiny. The normal 5s were nursing assistants selected so as to approximate the age distribution of the schizophrenic 5s. They were not on any type of medication and had had no psychiatric hospitalization.
Task
The 5s were given series of nonsense syllables appearing on a two-window memory drum operating at a different speed for each experimental trial. Two syllables, one in each window, appeared simultaneously. The Ss were instructed to respond to matched pairs and were instructed not to respond to unmatched pairs. The syllables were randomly ordered in each list and half of the paired presentations were matched. The serial positions of the matched pairs were randomly determined. Three 2-minute adaptation trials and three 2-minute experimental trials were presented. The exposure time for each of the adaptation trials was 4 seconds per pair of syllables, and the exposure times for the experimental trials were, in order, 2 seconds, 1 second, and i second. During each of the adaptation trials, the same 30 pairs of syllables were presented once. During the experimental trials, a different list was used for each trial. For the 2 seconds, 1 second, and i second experimental trials, 30 pairs of syllables were presented twice, 4 times, and 8 times, respectively. Learning effects resulting from successive presentations of material were not crucial because of the method used in measuring OL, described below. One minute elapsed between trials. The 5s were instructed to press a button, conveniently located on the right arm of their chair, each time a match appeared. They were instructed not to respond to unmatched pairs. The button activated a low intensity buzzer and activated a polygraph stylus which marked on the polygraph paper the precise points during the trials at which the Ss responded. From an examination of the PGR tracings, it was obvious that neither the sound of the buzzer nor the 5s' finger movements influenced the polygraph recordings.
Overload Measure
The degree of OL was defined as the extent to which a 5 was unable to respond appropriately to the stimuli. The OL score was a task efficiency measure which would have reflected group differences in learning effects and group differences in input related to perceptual defenses or attention problems. Groups that would have had attention problems or that would have used perceptual defenses would have tended to refrain from responding, would have tended to respond randomly, or would have tended to respond to every item. In all three cases, as explained below, the OL measure would approach a chance score according to the extent to which a 5 did respond intelligently.
A pair of syllables was considered to have been responded to if the point at which the S initiated action in depressing the button occurred while that pair of syllables had been exposed. Responding to an unmatched pair and not responding to a matched pair were considered to be incorrect. Since the duration of each trial was 2 minutes, the 2-seconds, 1-second, and i-second trials involved the presentation of 60, 120, and 240 pairs of syllables, respectively. During the i-second trial, 4 times as many items were presented as were presented during the 2-seconds trial and twice as many as were presented during the 1-second trial. The OL 2-seconds, OL 1-second, and the OL i-second scores were equated by multiplying OL 2-Seconds Scores X 4 and OL 1-Second Scores X 2
A maximum OL score would approximate chance. Under the OL scoring system used, if a S responded to an item, the chance probability that he would be correct would be 1 in 2. If he did not respond, the same probability would hold. A chance score then would be 120 since the OL scores were based upon an assumed total of 240 presentations for each trial. The procedure of scoring OL as the sum of the number of unmatched syllables responded to and the number of matched syllables not responded to was useful in avoiding the possible confounding effect of individual differences in response tendency. If the OL score were merely the number of incorrect responses, a 5 who tended to respond excessively when overloaded might, by chance, get a lower OL score than a 5 who tended to respond less when equally overloaded.
Evidence supporting the method for scoring OL, and indicating that control of the response-tendency variable was accomplished, is suggested from an examination of the OL means under the i-second trial. It was obvious that none of the 5s could respond intelligently during this trial. According to the definition of OL, they were maximally overloaded. The OL means of the i-second trial for all four groups approximated chance scores (120) even though there were significant differences between groups in the number of responses given. The fact that there were significant between group differences in number of responses suggested the possibility that the numberof-response variable could have confounded the Elgin-PGR responsivity relationship. Number-of-response by PGR responsivity correlations, however, eliminated this possibility; the correlations were on the order of zero. The PGR responsivity scores were difference scores derived by using the initial resistance score within each trial minus the lowest resistance measure following within that trial.
The measurement of OL would have reflected group differences in learning effects related to the successive presentations of the same lists of syllables within trials and would have reflected any group differences in input. The OL measure also eliminated response tendency as a possible confounding variable. It was assumed that if the four groups showed no differences in OL scores, learning effects and input would have been controlled. In comparing the OL means of the four groups under each trial, analyses of variance demonstrated that the 2-seconds and isecond trial comparisons were well beyond the .20 level of significance. The 1-second trial analysis, however, showed a significant difference in OL among the four groups (p < .005). This significant difference in OL was obviously a function of the deviation of the normal group (see Table 1 ). A simple analysis of variance of the OL scores of the three schizophrenic groups (excluding the normals) did not approach significance (p > .10). The dependent variable analysis took the deviant 1-second trial OL scores of the normal group into account.
The three trials may be identified as involving three different degrees of OL. Using the entire sample, the results of a t test indicated that the OL 1-second mean was significantly different from the OL J-second mean (p < .005), and the OL 2-seconds mean was obviously different from the other two.
Procedure
The Ss were brought to the Polygraph Laboratory individually. Twenty-five minutes elapsed from the time a S entered the room until the first experimental trial was begun. The first 10 minutes were spent in allowing the 5 to familiarize himself with the surroundings and in rapport-building conversation. The conversation was continued while the S was having the polygraph electrodes placed, after the experimental instructions were given. The last 10 minutes, before the experimental trials, were spent in three adaptation trials. In effect, the Ss were told that the £s wanted to measure how aroused patients would become while taking a test that required quick responses. They were told that different kinds of patients would probably show different degrees of arousal, and this information might tell us how fast we could go in providing new therapy situations for different kinds of patients. Special emphasis was placed on statements that the procedure was not therapy and that any information relevant to therapeutic procedures, which might result from the study, would have implications for treatment only in the distant future. These statements were included in an attempt to minimize effects related to possible perceptions of the experimental situation as a therapeutic effort and effects related to possible anticipation of improved treatment.
All Ss were seen at either 2:30 or 3:30 P.M. in an air-conditioned room which maintained a suitably constant temperature of about 74 degrees. Corn plasters, placed on the second and third fingers of the left hand, held zinc electrodes bound by adhesive tape. The electrode paste was manufactured at the hospital pharmacy according to the specifications suggested by Lykken (1959) . Continuous PGR records were taken with the use of a Grass, sixchannel polygraph. After the three adaptation trials, the Ss were told that the exposure time would decrease with each successive trial. Between experimental trials, the lists of nonsense syllables were changed, and the Ss were encouraged to relax and refrain from talking or moving excessively.
RESULTS
It was desired that the individual trials should be assessed independently, as well as dependency, so that it would be possible to identify differences in trends between groups under specific degrees of OL (none, moderate, or extreme). Separate analyses were done within trials and across trials.
The dependent-variable measures for the within-trials analyses were taken from the PGR scores for each of the three, 2-minute experimental trials. The PGR levels were sampled at time zero and every 30 seconds thereafter for each trial. Each S had five scores for each of the three trials, and the raw scores were resistance measures in millivolts. The summaries of the groups by points within-trials analyses of variance appear in Table 3 , and the group trends may be seen in Figure 1 . Figure 1 includes the third adaptation trial trends (4-seconds trial) for comparative purposes.
Tests for heterogeneity of variance were done for each trial. In all cases the hypothesis of heterogeneity was rejected (p > .99). The tests of main interest for the within-trials analyses were the Groups X Points within- trials interactions which reflect group differences in arousal trends over each of the 2-minute trial periods. The greatest between group variance in trend for all experimental trials occurred during the first 30 seconds. The recovery trends, after the first 30 seconds in each of the three trials, follow a similar pattern in the four groups. The Groups X Points within-trials interactions for the 2-seconds trial and the ^-second trial reached significance. The Pr 5s were the only group that did not show a positive response during the first 30 seconds. During the 1-second trial, the trends of the four groups did not differ significantly (p < .06), and all groups showed a positive response during the first 30 seconds. A possible explanation for the failure of the 1-second trial Groups X Points within-trial interaction to reach significance is offered below in the Discussion section. As mentioned previously, the 2-seconds, 1-second, and ^-second trials represented no OL, moderate OL, and extreme OL, respectively.
As previously indicated, the normals were significantly less overloaded on the 1-second trial than were the other three groups, and the three schizophrenic groups did not differ significantly as to OL on the 1-second trial. An analysis of variance which excluded the normal 5s, yielded a PGR, 1-second trial, Groups X Points within-trial interaction which did not approach significance (p > .10). It may be considered that the lower OL level of the normal 5s on the 1-second trial did not confound the dependent variable analysis.
The relative magnitude of group responsivity during the first 30 seconds of each experimental trial maintained quite a consistent pattern across trials. For the 1-second and J-second trials, group responsivity in descending order of magnitude was Re, RP, normal, and Pr. For the 2-seconds trial, the pattern was the same except that the Re and RP groups were reversed. Difference scores were computed for each 5 for each trial using his initial score minus his 30-seconds score. A multiple-range test for each of the three experimental trials indicated that the RP-Pr means for the 2-seconds trial differed at less than the .OS level, that no two of the four 1-second trial means differed significantly, and that on the ^-second trial, the Re-Pr means differed (p < .01) as did the RP-Pr means (p < .05).
The Pr 5s showed a higher overall level of arousal than the other two schizophrenic groups. This raised the question as to whether the difference could reflect a chronic state of high arousal among the Pr Ss or whether it could represent a reaction to the experimental situation as a whole. The apparent difference, however, was not significant. The withingroups variance was large enough that the between 5s main effects for the Groups X Points within-trials analyses (see Table 3 ) did not approach significance. To further check this finding, simple analyses of variance were done for each of the four trials using the first score (0-second score) for each 5 in each trial. None of the four analyses approached significance. The overall arousal levels of the groups did not differ significantly.
It has been mentioned previously that there were no confounding group differences in OL on any of the trials, but as a check that the 5s were in fact responding to changes in rate and not to the degree of OL, correlations were done between OL scores and PGR difference scores (initial point during a trial minus the 30-seconds point during that trial) for the 1-second and ^-second trials. The correlations were on the order of zero, indicating that there was no relation between number of items missed (OL) and PGR response. Scatter plots revealed random distributions.
The dependent variable measures for the Groups X Trials analysis of variance were derived by subtracting the lowset PGR resistance measure of the 30-seconds, 60-seconds, 90-seconds, and 120-seconds points within each trial from the 0-second score of the 2-seconds trial. Each 5 had one score per trial. The summary of the Groups X Trials analysis appears in Table 4 . The test of main interest in this analysis was the Groups X Trials interaction. The findings tended to confirm the within trials analyses, that differences in arousal among groups arose from the differences in rates at which the pairs were presented in the different trials.
DISCUSSION
The arousal responsivity of the normal 5s presents an interpretive problem. As can be seen from Figure 1 , the normals were more similar to the Pr 5s in pattern within trials, in pattern across trials, and in gross level than they were to the Re or the RP group. An attempt to explain this phenomenon is beyond the scope of the present paper. One might speculate that the Pr and normal groups were low in responsivity for different reasons, but hypotheses regarding qualitative differences between the groups in task perception or task approach would be premature. The most reasonable approach to the findings of the present study is to confine all generalizations to the interrelationships among the schizophrenic groups.
The results of the present study indicated that groups of schizophrenic 5s differing in Elgin Prognostic Scale scores can be differentiated as to PGR responsivity to variable rates of stimulus input. The effects were interpreted as reflecting responses to positive changes of rate of input rather than to the stress of overload. The same pattern of autonomic response was found as was found in previously mentioned studies which did not use variable rates of stimulus input as a manipulation. Within each experimental trial and across trials, the Pr 5s were the least responsive with the normal group next to the lowest. In two out of three trials, the Re 5s were the most responsive and the RP group was the next highest. The differentiation of the groups was in accord with the hypothesis; under variable rates of input, Pr schizophrenia was consistently associated with low autonomic responsivity. Support for the theoretical formulations regarding the relationship between developmental experiences with stimulus input and autonomic responsivity was suggested.
A speculative comment is in order regarding the within-experimental trials responsivity of the Pr 5s. The normal, Re, and RP groups responded initially with increased arousal in each of the trials while the Pr 5s showed adaptation virtually throughout the 2-seconds and the ^-second trials and demonstrated increased arousal only on the 1-second trial. The positive response of the Pr 5s on the 1-second trial was probably responsible for the failure of the 1-second trial Groups X Points within-trial interaction to reach significance (^><.06). Perhaps this suggests something about optimum rate of input for Pr schizophrenics. If one may assume that some positive response is desirable, perhaps the optimum rate of input for Pr Ss was presented in the 1-second trial.
The relationship between the processreactive dimension and PGR responsivity also supports the notions of Funkenstein, Greenblatt, and Solomon (19S2) and of Pearl (1962) , that there is a positive relationship between autonomic responsivity and prognosis among schizophrenics.
Further research along the lines of the present study is indicated. In extending the developmental implications of information processing, it would be well to relate the Pr-Re theory to other stimulus variables such as intensity and perceptual incongruity. The consideration of these variables in possible interactive relationships with rate of input is indicated. Therapeutic implications might also be pursued. Fruitful approaches in the therapeutic area might be concerned with the identification of optimum levels of autonomic response for behavioral efficiency and the identification of optimum rates of input.
